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FRET is sensitive technique for the determination of protein clustering in living
cells. It is often applied in fluorescence microscopy where ratiometric measure-
ments are easy to carry out. Pixel-by-pixel determination of FRET efficiency is
expected to reveal potential heterogeneity in protein association states. How-
ever, a systematic evaluation of how reliable pixel-by-pixel FRET calculations
are in the presence of low photon numbers, significant background fluorescence
or outlier pixels has not been reported. Here, we have carried out such an anal-
ysis and conclude that the mean of pixel-by-pixel FRET efficiencies is often a
biased and unreliable estimator of FRET efficiency. In addition, we have devel-
oped a method to determine the FRET efficiency based on maximum likelihood
estimation. The Poisson statistics of photon numbers detected in the donor,
FRET and acceptor channels is taken in to account to maximize the likelihood
of the observed fluorescence intensities measured using a photon counting
detector. Our calculations and simulations show that the maximum-
likelihood-based method is a reliable method to estimate the FRET efficiency
and outperforms both pixel-by-pixel FRET calculations and FRET efficiency
calculated from summed intensities.
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By analyzing spatio-temporal correlations of fluorescence intensity fluctuations
from raster-scanned microscopy images, raster image correlation spectroscopy
(RICS) provides spatially resolved information on fast molecular dynamics
such as protein diffusion or receptor-ligand interactions inside living cells
and tissues [1]. Conventional RICS can only distinguish larger regions of inter-
est, however, and requires low fluorophore concentrations in the nanomolar
range, due to its diffraction-limited optical resolution. We have recently com-
bined RICS with stimulated emission depletion (STED) microscopy to remove
these limitations [2]. STED-RICS yields an enhanced multiplexing capability
due to the increase in spatial resolution and can accommodate up to ~100-
fold higher fluorophore concentrations.
[1] Rossow, M.J.; Sasaki, J. M.; Digman, M. A.; Gratton, E., Nat. Protoc. 2010,
5, 1761-1774.
[2] Hedde, P. N.; Do¨rlich, R. M.; Blomley, R.; Gradl, D.; Oppong, E.; Cato, A.
C.; Nienhaus, G. U., Nat Commun. 2013, 4, 2093.
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Fluorescence from fluorescent probes has provided a physical means to deter-
mine dipolar relaxation processes. The spectral relaxation or red-shift can be
followed in time using time-resolved fluorescence spectroscopy [1-2].
Here, we characterise the dipolar dynamics in the membranes of the Golgi
apparatus and compare them with non-Golgi membranes in living cells. Fluo-
rescence lifetime imaging microscopy is our experimental approach and the
NBD-ceramine is our Golgi-specific membrane probe.
We present two different set of fluorescence lifetime images of the Golgi-
stained membranes and non-Golgi membranes for two different wavelengths.
When detected at 530nm, the NBD-ceramide probe has a lifetime of about
750.2ns and largely independent of spatial location as determined from the
phase or modulation of the emission. However, differences in fluorescence life-
times are more evident for the data collected at 600nm. In both the Golgi and
non-Golgi membranes the phase lifetime is significantly larger than the modu-
lation lifetime (D0.6ns Golgi, D1ns non-Golgi).
We analysed the data according to Generalized Polarization (GP) model along
with the phasor plot linear extrapolation method [3]. Analysing FLIM data
from 10 individual cells leads to obtain two time-constants, T1 and T2 that char-
acterise the emission and the correlation time, Ts, of relaxation process. T1 is
significantly smaller in the Golgi membranes than in the non-Golgi regions
but T2 are similar in all detected membranes. As a consequence Ts is muchsmaller (0.8 ns) than in non-Golgi regions (3.5ns). This suggests that dipolar
relaxation in the membrane interface of Golgi is less restricted than non-
Golgi membranes.
[1] M. Maroncelli and G. R. Fleming, J. Chem. Phys., 86,11, p.6221, 1987.
[2] P. Jurkiewicz, et. al., J. Fluorescence, 15, 6, pp.883-894, 2005.
[3] A. H. A. Clayton, et. al., J. Microscopy, 213, 1, pp.1-5, 2004.
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Collagen is a triple-helix protein that self-assembles into supramolecular
fibrils, essential for the biomechanical integrity and physical properties of
biological tissues and organs. Second Harmonic Generation(SHG) micro-
scopy exploits a second order nonlinear coherent optical process to image
macromolecules with non-centrosymmetric structure, as collagen fibers(1).
Such a label-free approach provides three-dimensional(3D) imaging of the
structural organization of the collagen fibers in tissues at a sub-cellular res-
olution with intrinsic optical sectioning, high deep penetration and reduction
of out-of-focus photobleaching and phototoxicity(2). Here, we collected the
endogenous SHG signal of the collagen to evaluate the hierarchical structure,
organization and orientation of collagen fibers in different types of specimen,
from ex-vivo biological tissues to bioengineered samples(3). To conduct this
study, we coupled a femtosecond Ti:Sapphire Chameleon Ultra II laser(Co-
herent, Santa Clara, CA, USA) with a Leica TCS STED-CW confocal
microscope(Leica-Microsystems, Mannheim, Germany). This allowed col-
lecting the forward, the backward SHG signal and the TPE autofluorescence
of the samples(2). Moreover, we also focused our attention on the SHG
signal as function of polarization states of the incoming light to distinguish
among different collagen fiber types and orientations(4). Analysis of the po-
larization of the outcoming light and the ratio FSHG/BSHG was carried out
due to its potential in providing more detailed information about the sample,
for instance a relationship with the diameter and the functional and structural
organization of the collagen fibers variability in various tissues. For example,
this allows realizing a set of features useful to evaluate the assembly of arti-
ficial tissues depending on the scaffold role in the collagen fibers assembly
when mimicking a target tissue.
1. Chen X. et al. Nat Protoc. 7(4),654(2012).
2. Bianchini P. et al., J. Biophotonics, 1,6(2008).
3. Scaglione S. et al. Nature Sci. Rep. 2,(274): 1-6(2012).
4. Odin C. et al, Opt.Express, 16,20(2008).
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Cholera afflicts more than 5 million people annually. Here, we investigate the
virulence pathway of this epidemic disease with live-cell single-molecule
fluorescence imaging in Vibrio cholerae cells, the bacterium responsible for
producing the cholera toxin. In the Gram-negative pathogen V. cholerae, viru-
lence gene expression is under control of an unusual set of membrane pro-
teins. Here, a membrane complex including two activators, ToxR and TcpP,
binds the toxT promoter, recruits RNA polymerase, and activates toxT gene
expression leading to activation of ToxT-controlled virulence genes. To
circumvent the diffraction limit of light, which bounds the resolution of opti-
cal microscopy to ~250 nm, we use single-molecule tracking and super-
resolution techniques like Photoactivated Localization Microscopy (PALM)
to achieve resolutions more than an order of magnitude better than the diffrac-
tion limit. We have created fusions of the membrane-bound transcription ac-
tivators TcpP and ToxR with orthogonal photo-(re)activatable fluorescent
proteins, and in this study, we examine the dynamics and co-localization
patterns of single PAmCherry-TcpP and mCitrine-ToxR molecules in the
virulence pathway. We also image V. cholerae cells that have knockouts
of ToxR and/or TcpP to determine if the protein dynamics change in the
absence of the binding partner. This work aims to identify characteristics
of TcpP and ToxR motion to understand their regulatory behavior in the
transcriptional activation of the gene toxT and subsequent activation of
downstream virulence genes, and to establish a model for the formation of
Sunday, February 16, 2014 205athe ToxR/TcpP/toxT protein-DNA complex important in early pathogenesis.
In addition to elucidating the regulatory pathway of V. cholerae, the impact
of this work will be to further provide a general model for outer-
membrane-bound transcription control in bacteria and nuclear-membrane-
bound transcription in eukaryotic cells.
Advances in UV-VIS-IR Spectroscopy
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High resolution infrared spectroscopy is a popular technique for investigating
biological structures. It is relatively simple to use, and in some cases con-
sidered to be a non-destructive technique. By combining atomic force
microscopy and infrared spectroscopy (AFM-IR) into a single bench-top in-
strument, it is possible to resolve chemical differences on the scale of ca. 100
to 200 nm, which often reveals information that could not have been obtained
with conventional infrared microspectroscopy. The AFM-IR technique is
based on observing the rapid thermal expansion and contraction of material
due to the absorption of nanoseconds-long IR radiation pulses, which is
collectively known as the photothermal induced resonance (PTIR) phenom-
enon. This rapid movement is captured by an AFM cantilever equipped with
a sharp tip that is in direct contact with the sample material. The resulting
amplitude of the ringdown response is directly related to the absorption char-
acteristics of the material across a given range of wavenumbers. Therefore,
AFM-IR spectral band shapes are similar to the bulk IR measurement and
the spectra are searchable against existing databases. By further modulating
the pulse frequency of the infrared laser radiation to coincide with the con-
tact resonance of the AFM cantilever, sensitivity is enhanced, enabling the
detection of ~ 20 nm-thick organic materials. In this presentation, we will
examine several biological systems using this AFM-IR technique. Spectral
changes in the IR spectra can be seen through the whole or cross-sections
of proteinaceous materials. Functional group IR images acquired using the
AFM-IR technique also reveal the spatial distribution of chemical species
in the form of absorption characteristics can be achieved at below the diffrac-
tion limit.
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Nonlinear microscopy, which in combination with fluorescence spectroscopy is
called nonlinear spectral imaging (NLSI), affords access to specimen
morphology and (auto)fluorescence spectra at the same time. Thus, it measures
the biochemical composition, while also distinguishing different parts of the
tissue. Data interpretation is simplified by a new analysis method, the spectral
phasor [1], which results in a robust, quick, and semi-blind spectral unmixing of
fluorescent species.
NLSI and the spectral phasor are a very user-friendly technique and have the
potential to address a broad range of microbiological questions. We introduceRGB-representation of a non
linear spectral image of the whit
button mushroom (A. bisporus
left) and the corresponding pha
sor.them as a novel minimum-invasive tech-
nique to monitor the state of "fungal cells"
(hyphae). Fungi, both used as consumables
and organisms to produce industrial and
pharmaceutical compounds, require strin-
gent quality control during their growth.
To this end, and as one possible application
of NLSI and the spectral phasor, we present
their use in monitoring the quality and
freshness of white button mushrooms.
[1] F. Fereidouni, A.N. Bader, and H.C.
Gerritsen, Optics Express, 20,12729-
12741 (2012).-
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Hydrostatic pressures of 102 to 103 atm affect a range of cellular processes,
including motility, cell division, nutrient uptake, fermentation, translation and
transcription, protein synthesis, and ultimately viability. In order to perform
the real timemonitoring of pressure effects, we present a micro-perfusion system
designed for spectroscopic measurements on cellular systems under high pres-
sure. The system consists of an optically-compatible pressure chamber and inter-
changeable fluid reservoirs. Perfusion is achieved using a dual pressure-
generator configuration, where one positive-displacement generator is com-
pressed while the other is retracted, thus maintaining a pressurized volume while
achieving fluid flow. Control over perfusion rates (typically in the 10 ml/s range)
and the ability to change between fluid reservoirs while under pressure (up to 600
atm) are demonstrated. Next, the system is used for the time-gated, spectral
monitoring of endogenous NADH fluorescence under pressure. Spectrofluori-
metric measurements utilize a nitrogen-discharge laser for sub-nanosecond pulse
width, 337-nmwavelength excitation, and an intensified CCD coupled to a spec-
trograph for nanosecond-gated spectral detection. Because emission from
NADH is routinely used at ambient pressure for monitoring mitochondrial func-
tion, we validate the system by observing the pressurized response of Saccharo-
myces cerevisiae (baker’s yeast) to mitochondrial functional modifiers (e.g.,
cyanide). Because the system is compatible with both spectroscopy and sub-
cellular resolution microscopy imaging, the system represents a robust tool for
investigating the biophysical effects of pressure on cellular systems.
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Vibrant discussion persists as to the origin of the time dependent fluorescence
spectral (Stokes) shift (TDFSS) in the range 100 fs to 100 ps for a number of
tryptophan (Trp)-containing proteins. TDFSS reports on the dynamic reorgani-
zation of the local environment around the large dipole of Trp following exci-
tation to the 1La state. Much of the discussion centers on the ubiquitous ‘‘slow’’
(10 ps-5 ns) TDFSS component found only in proteins. Details of what deter-
mines the fast (< 2ps) component in proteins are also of interest. Two questions
of interest are: (1) the relative contributions of protein and water; and (2) what
length scales characterize these contributions. To help answer these ongoing
questions we have performed molecular dynamics simulations in conjunction
with semiempirical quantum mechanics (MD þ QM) for the proteins STNase,
GB1, and monellin, each of which has been the subject of ultrafast experiments.
We have examined the spatial contributions to shifts at 1pm intervals of dis-
tance, which has revealed that only 5-10 waters less than 0.8nm from Trp
contribute to the TDFSS, while ~100 waters out to 1.5 nm often contribute
blue shifts that are the same in the ground and excited state. These simulations
raise a further question as to the mechanism of fast anti-correlated fluctuations
of protein and water contributions to the fluorescence shift.
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We describe a high-throughput time-resolved fluorescence (TRF) spectrom-
eter, able to detect multiple fluorescence lifetimes across 384 wells with short
(< 5 min.) read times using direct waveform recording. The instrument com-
bines high-energy pulsed laser sources (5-10 kHz repetition rate, 1-3 ns pulse
width) with a photomultiplier and high-speed digitizer (1 GHz, effectively
5 GHz with interleaving) to record a complete fluorescence decay waveform
after each pulse. Single-well measurements of dyes with 200-fold signal
averaging (0.1 s acq. time) yield lifetimes comparable in accuracy and
precision to single photon counting (SPC.) Integrated software enables
immediate analysis by fitting exponential decays or by calculating a
model-independent truncated first moment. In a 384-well format changes
in quencher concentration are readily seen, with the first moment calculation
providing resolution comparable to exponential decay models. Further, we
